We mapped mobile medical clinic (MMC) clients for spatial distribution of their self-reported locations and travel behaviors to better understand health-seeking and utilization patterns of medically vulnerable populations in Connecticut. Contrary to distance decay literature, we found that a small but significant proportion of clients was traveling substantial distances to receive repeat care at the MMC. Of 8404 total clients, 90.2% lived within 5 miles of a MMC site, yet mean utilization was highest (5.3 visits per client) among those living 11-20 miles of MMCs, primarily for those with substance use disorders. Of clients making 420 visits, 15.0% traveled 4 10 miles, suggesting that a significant minority of clients traveled to MMC sites because of their need-specific healthcare services, which are not only free but available at an acceptable and accommodating environment. The findings of this study contribute to the important research on healthcare utilization among vulnerable population by focusing on broader dimensions of accessibility in a setting where both mobile and fixed healthcare services coexist.
Introduction
Mobile medical clinics (MMCs) are non-traditional healthcare strategies that increase access to care by removing geographic and social barriers associated with traditional, fixed healthcare settings. As such, they are frequently regarded as venues of convenience, delivering healthcare at the doorstep of communities that are otherwise limited by location (Leese et al., 1993; Sarnquist et al., 2011) , cost (Edgerley et al., 2007) , insurance status (Edgerley et al., 2007; Heller and Goldwater, 2004) , diverse language (Guruge et al., 2010) , stigma (Whelan et al., 2010; Daiski, 2005) , or other structural barriers such as proximity and access to transportation (Hastings et al., 2007; Shannon et al., 2008; Collinson and Ward, 2010) .
According to the Mobile Health Map Project, there are approximately 1500 MMCs across North America providing a variety of prevention and treatment services to 6.5 million people (Vavasis et al., 2013) . MMCs have been especially successful in addressing the geographical extremes of both rural (Peritogiannis et al., 2011; Sarnquist et al., 2011) and urban poor (Daiski, 2005) , where accessibility to fixed healthcare is limited due to the dearth of facilities and meager financial resources. They are also advantageous in meeting the needs of medically vulnerable populations that often experience erratic or limited healthcare in traditional settings due to underlying mental illness (Chiu and Primeau, 1991) , unstable housing (Collinson and Ward, 2010; Amarasingham et al., 2001; Whelan et al., 2010) , poverty, migration status (Collinson and Ward, 2010; Guruge et al., 2010; Simsek et al., 2012) , substance use (Thompson et al., 1998) , or other stigmatized behaviors such as sex work (Shannon et al., 2008) . MMCs therefore innovatively increase healthcare accessibility and reduce health disparities for communities marginalized by geographic, social, and structural barriers through delivering essential services for preventative (Jit et al., 2011; Collinson and Ward, 2010; Morano et al., 2013b; Schwarz et al., 2009; Vyas et al., 2011) , primary care (Leese et al., 1993; Daiski, 2005; Simsek et al., 2012; Hastings et al., 2007; Pollack et al., 2002) , and disease-specific care (Sarnquist et al., 2011; Maheswaran et al., 2012; Ruiz and Briones-Chavez, 2010; Liebman et al., 2002; Ruiz et al., 1973; Massie, 1972) .
Numerous studies have analyzed healthcare utilization patterns and barriers to accessing fixed healthcare settings (e.g. emergency department, primary care, hospitals, STI clinics). These studies have focused primarily on geographic accessibility to these facilities (Acury et al., 2005; Pilkington et al., 2012) , affordability of Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/healthplace receiving healthcare (Wang and Luo, 2005; Guagliardo, 2004) , and the range of health services provided at these facilities (Wang and Luo, 2005; Guagliardo, 2004) . Little research, however, has explored factors influencing access to MMCs specifically, and to our knowledge there are no prior studies that analyze the spatial distribution of MMC clients, healthcare service utilization, and frequency of MMC usage. This is particularly relevant as the Affordable Care Act (ACA) seeks to improve healthcare access for millions of Americans and will address a priori several policy-related decisions for providing services to medically marginalized populations, specifically with regard to: (1) accessibility for the optimal number and capacity of MMC sites;
(2) geographic optimization for the ideal in situ location based on client demographics; (3) selection of health services offered to meet community needs and complement traditional healthcare setting services; and (4) client accommodation factors that are inclusive to those with no health insurance, uncertain immigration status, non-English speaking backgrounds, and need for walk-in appointments (Penchansky and Thomas, 1981) . Thus, this study is not only novel but also important in identifying populations (target location, demographic characteristics, and treatment needs) that rely upon nontraditional healthcare within a community where both MMC and fixed healthcare settings co-exist.
Conceptual framework
Prior work based on the Community Health Care Van (CHCV), a longstanding MMC in New Haven, Connecticut (Morano et al., 2013a; Maru et al., 2008; Altice et al., 2003 Altice et al., , 2004 Morano et al., 2013b; Pollack et al., 2002) provides insight into the factors such as demographic characteristics and health conditions of clients accessing MMC services. Specifically, HIV-infected drug-using clients living more than four blocks from a MMC site were twofold more likely to adhere to directly administered antiretroviral therapy (DAART) (Maru et al., 2008) , which is now an evidencebased antiretroviral therapy (ART) adherence intervention (Thompson et al., 2012) . In examining correlates of client visitation, we found a significant minority (predominantly substance users) who traveled considerably from distant towns and cities, suggesting two plausible scenarios: (1) the MMC provided services that might not have been provided in other settings; or (2) MMC clients might not have been satisfied with the services and accommodations provided at more geographically proximal, fixed healthcare settings. To address these hypotheses, a conceptual framework was developed to understand the interaction between health seeking behaviors, distance effects, and dimensions of accessing care. Thus, this study integrates concepts from the Health Behavior Model (HBM) that has been adapted for vulnerable populations (Andersen, 1995; Acury et al., 2005; Aday and Awe, 1997; Gelberg et al., 2000) , theories of health geography (Cummins et al., 2007; Duncan and Jones, 1995; Duncan et al., 1993; Jones and Moon, 1993; Joseph and Philips, 1984; Kearns and Joseph, 1993) , and healthcare access (Penchansky and Thomas, 1981; Nemet and Bailey, 2000; Sherman et al., 2005) in order to identify plausible factors that motivate clients to travel long distances repeatedly in order to utilize healthcare at a MMC.
The HBM was initially developed to understand the correlates of health service utilization as a function of three types of factors: predisposing factors (e.g. demographics, social status, substance abuse), enabling resources (e.g. income, health insurance, or availability of healthcare services), and need factors (e.g. health status, severity or health beliefs) (Aday and Andersen, 1974; Andersen, 1995) . Over time, the HBM has undergone parameterization and refinement to improve our understanding of healthseeking behaviors. For instance, Aday and Awe proposed that 'lessdiscretionary' utilization, or behaviors in response to disease and disorders (e.g. HIV/AIDS and substance use disorders [SUDs]) are primarily influenced by need factors. In contrast, 'more-discretionary' utilization, or behaviors that are preventive in nature, are influenced by predisposing and enabling resources (Aday and Awe, 1997) . To understand healthcare utilization by vulnerable populations, an additional set of factors, called vulnerable domains, were later added to the traditional HBM as predisposing (i.e. social structure such as immigration status, literacy, and social support, homelessness, SUDs, mental illness, HIV/AIDS), enabling resources (i.e. health insurance, income, competing needs, information about accessible local healthcare resources, available physicians, clinical, and treatment services), and need factors (i.e. perceived needs, medical comorbidities, and severity of illness for vulnerable population with STIs, SUDs, mental illness, and HIV/AIDS) (Gelberg et al., 2000; Stein et al., 2007) .
Measures of geographic access and spatial behavior (e.g. distance, transportation availability, and activity space) have also been used to adapt the HBM based on the concepts of distance decay and space/ place interactions (Acury et al., 2005) . The distance decay effect, typically observed in consumer travel behavior, has significant influence in healthcare utilization, with the most pronounced impact in rural areas, as is widely demonstrated globally in places such as Great Britain (Hine and Kamruzzaman, 2012) , Ireland (Teljeur et al., 2010) , Ethiopia (Okwaraji et al., 2012) , Mozambique (Yao et al., 2013) , Vietnam (Malqvist et al., 2010) , and throughout the United States (Acury et al., 2005; Nemet and Bailey, 2000; Winters et al., 2006) . These studies highlight how travel distance to health services and the related costs affect an individual's healthcare decisions and utilization patterns. Similar distance-related effects are seen in utilization of specific health services, such as hospitalization rates for cardiovascular disease (Harris et al., 2008) , insulin use (Littenberg et al., 2006) , methadone maintenance (Wong et al., 2010) , and hepatitis C diagnosis (Monnet, 2006) . Despite geographic diversity and a variety of health-related outcomes, the distance decay effect seems to be largely universal with some exception in urban settings where other enabling resources, such as health insurance, and specific need factors for vulnerable population may be more important (Comber et al., 2011; Bissonnette et al., 2012) .
This study further expands on the HBM by incorporating broader dimensions of accessibility to the existing enabling resources based upon Penchansky's and Thomas' five domains of healthcare access: availability, accessibility, accommodation, affordability, and acceptability (Penchansky and Thomas, 1981) . These five domains represent the degree of 'fit' between the client and the healthcare system, where: accessibility is client's location versus healthcare facility location, taking into account distance, transportation, travel time, and cost; affordability is client's ability to pay versus the cost of the healthcare service; availability is client's healthcare need versus clinical services available; acceptability is client's perception of health care delivery versus actual health care provider practices; and accommodation is client's cooperation with facility site operations (appointment systems, hours of operation, walk-in-facilities, disability services, and language availability) versus the reality of how the healthcare facilities are managed. The 'accessibility' dimension is similar to Acury et al. (2005) contribution to the HBM but the incorporation of other four dimensions makes the adapted HBM more robust.
The resulting conceptual framework ( Fig. 1 ) was then used to address the following objectives: (1) to examine the spatial distribution of clients' self-reported residence and healthcare utilization patterns of MMC services, (2) to analyze the spatial distribution of clients with high MMC utilization (4 20 visits) and their less-discretionary utilization pattern (Aday and Awe, 1997) ; and (3) to explain plausibility for high frequency client visitation from distant areas based upon the five domains of access to healthcare (Penchansky and Thomas, 1981) .
Methods

Study setting
Despite Connecticut (CT) having the country's highest per capita income for over two decades (Bureau of Business and Economic Research University of New Mexico, 2013), the state faces one of the greatest income disparities (Noss, 2012) and has three of the ten poorest U.S. cities for its size, including New Haven. New Haven is CT's second largest city with 130,000 residents, and similar to other Northeast urban centers, is disproportionately impacted by substance abuse, violence, and disease-related morbidity and mortality. New Haven's HIV prevalence is highest in the state, with 383 HIV-infected persons per 100,000 population (Centers for Disease Control and Prevention, 2013) , and is largely concentrated among people who inject drugs (PWID) (Connecticut Department of Public Health, 2013). Needle and syringe exchange programs (NSEP) have markedly curbed HIV transmission (Heimer et al., 1993 ), yet they have been coupled with expansion of medication-assisted therapy (MAT), such as methadone and buprenorphine, to treat opioid dependence and reduce drug injection (Schwarz et al., 2012 (Schwarz et al., , 2009 . There are at least 7 MMCs serving CT's communities (Danbury, Hartford, New Haven, Norwalk, Norwich, and Stamford) . In this study we focus on the Community Health Care Van (CHCV), the longest operating MMC in the state, serving the New Haven community.
Community Health Care Van program description
The CHCV, which began in 1993, address the healthcare needs of New Haven's impoverished neighborhoods and has spent the last two decades providing medical and substance use prevention and treatment services at the doorstep of these vulnerable and medically marginalized communities. It offers care in four distinct neighborhoods and may change exact locations within these neighborhoods due to logistical or convenience needs (Fig. 2 ). CHCV clients enrolled in research studies can also receive supplemental counseling support provided at one nearby fixed location, primarily those with SUDs receiving buprenorphine or methadone. Biweekly outreach at a day program for homeless individuals is also provided. Services are free and include community outreach, acute and episodic primary care, health education, harm reduction services (condom and syringe distribution), and screening for a variety of conditions, such as hypertension, diabetes, tuberculosis, HIV, viral hepatitis, and STIs (Morano et al., 2013a) . The CHCV also pioneered DAART among PWIDs (Altice et al., 2003 (Altice et al., , 2004 Copenhaver et al., 2007; Ing et al., 2011; Maru et al., 2008; Smith-Rohrberg et al., 2006) and was the first MMC to provide buprenorphine (Schwarz et al., 2012 (Schwarz et al., , 2009 ) and directly observed therapy (DOT) for latent tuberculosis (Morano et al., 2013b) . In addition, MAT for opioid dependence is coupled with counseling and treatment (Copenhaver et al., 2007) . Dedicated staff members are bilingual, culturally sensitive, and provide nonjudgmental care that overcomes barriers of language, finances, non-insurance status, and stigma. Clients are seen without appointments, allowing them to obtain care on their own schedule. It should be noted that the CHCV is not meant to be a standalone source of continuous healthcare but rather serves to stabilize clients with more chaotic lives and ultimately link them to other clinical and social services. While the CHCV is better suited for acute and episodic preventative care, it often serves as a primary source of healthcare for clients who are reluctant to access services elsewhere or who are otherwise ineligible to do so.
Data collection
An electronic health record database maintains all relevant clinical information. All CHCV clients undergo a structured intake interview at their first visit, which assesses in-depth information including their residence address, demographics, sexual behaviors, substance use, medical history, and clinical information. Client files are updated with this information for any visits encountered after one month of an in-depth intake. Visits within one month of an in-depth intake are recorded in a briefer assessment that records only clinically relevant information. From January 2004 until December 2012, 9716 unique clients made a total of 30,041 CHCV visits. All clients (n ¼ 8404) who provided a street address, including that of a homeless shelter, were included in the spatial analysis; those clients reporting no street address were excluded from analysis (n ¼1417).
Predisposing Factors
Recognizing the high prevalence of HIV, SUDs, or psychiatric disorders in our sample (n ¼6367; 64.8%), we wanted to test the hypotheses that within the broader framework of HBM adapted for vulnerable populations, the five factors of access to healthcare (accessibility, affordability, acceptability, availability, and accommodation) and/or need factors were driving clients frequently to travel large distances to the MMC despite the existence of fixed mental health and substance use treatment facilities in the local area. We therefore accessed the Substance Abuse and Mental Health Services Agency (SAMHSA) Behavioral Health Treatment Services Locator to identify and map the locations of all substance abuse and mental health treatment facilities throughout CT. Service options varied between locations but included any one of the following: substance abuse treatment, detoxification, methadone maintenance therapy, halfway houses, psychiatric services, and onsite general health services (SAMHSA, 2013).
Definitions
Study variables were defined as the following. "Undocumented migrant" included any client who was a non-US citizen living in the United States with expired residence or work permit or without any documentation for legal residence. "Unstably housed" was defined as living in a hotel, boarding house, halfway house, shelter, public place, or street. "Homelessness" is included in the unstably housed population and is considered a subset that reported residing in a shelter, public place, or on the street. "Committed relationship" was defined as being married or living with a partner. MSM was defined as any male client who reported having sex with another male. WSW was defined as any female client who reported having sex with another female. Recent "incarceration" was defined as anyone who reported being incarcerated within six months prior to a CHCV visit. "Sex solicitation" was defined as those reporting paying for sex. "Sex work" was defined as providing sex in exchange for shelter, drugs, protection, or money. "Illicit drug use" was defined as ever using marijuana, cocaine, crack, heroin, "wooly/illy", "speedball" (mixture of injected heroin and cocaine), "ecstasy" (MDMA, 3,4methylenedioxy-methamphetamine), methamphetamine, and/or ketamine. "Wooly/Illy" refers to use of marijuana mixed with other substances, such as crack or formaldehyde. "Street methadone" or "street buprenorphine" was defined as having been obtained illicitly without a prescription. Medical conditions were coded using ICD-9 diagnostic codes from: (1) questionnaire selfreported past medical history; or (2) CHCV examination or testing results. "Mental illness" included anxiety, bipolar disorder, depression, post-traumatic stress disorder (PTSD), schizophrenia, or a general report of ever having a mental health diagnosis. "TSTrelated services" were defined as visits for tuberculosis screening that included the tuberculin skin test (TST) placement or TST reading. "Mental health services" included both on-site and offsite consultation for psychiatric counseling services.
Data analysis
Data were analyzed primarily using two software packages: STATA 12 IC (College Station, TX, USA) (StataCorp, 2011) for statistical analysis and ArcGIS 10.1 (Redlands, CA, USA) (ESRI, 2011) for mapping and spatial analysis. Polygon shapefile of Census Tract boundary for the state of Connecticut (University of Connecticut Libraries Map and Geographic Information Center, 2010) and point shapefile of SAMHSA treatment facilities (SAMHSA, 2013) were used to assist with spatial analysis.
First, client self-reported addresses were geocoded (Chang, 2011) to points determined by latitude and longitude in ArcGIS 10.1. Second, distances on road network were calculated from client's location to all of the four MMC community sites, the linked main 'storefront' fixed facility, as well as the nearest of the four MMC sites using ArcGIS 10.1 Network Analyst functions. Scatter plots were then created and "Loess" fit, a combination of linear least squares and nonlinear regression (Cleveland, 1979) , was overlaid to show the relationship between distance and frequency of visits per client ( Fig. 3) . To further understand the bivariate relationship between distance and frequency of visits, box plots were drawn ( Fig. 4) . For a robust analysis, we conducted four distinct approaches of binning distances: (1) 1-standard deviation from the mean, (2) equal distance bands, (3) equal number of clients in distance bands, and (4) manual distance bands based upon researchers' domain knowledge. In comparing the results of client characteristics stratified by each type of distance bins, we found that the results were similar, robust, and independent of these approaches. We therefore chose to represent our data using distance bands derived from the 1-standard deviation from the mean classification approach. Buffer zones were then placed around the MMC sites based on the selected distance bands and client data were spatially joined to each of the buffer zones and exported for statistical analysis using STATA 12 IC. Client-level data were then compared by the selected distance bands from MMC sites. Frequencies were calculated for sociodemographic, behavioral, medical history, and service utilization within each group and compared using Kruskal-Wallis test, as our data were right-skewed and non-parametric (Table 1) . Client data were also compared by visitation frequency by specifically examining clients making only one visit (low-frequency) versus those clients visiting 420 times (high-frequency). Visitation frequencies were reported for sociodemographic, behavioral, medical history, and service utilization within these groups, and Kruskal-Wallis test was used for comparison between low-frequency and highfrequency users (Table 2) .
To preserve confidentiality of personal health information and individual anonymity, we aggregated the data at the US census tract, block-group, and block levels. Next, we aggregated client data to these geographies of scale to further explore the relationship between distance and average frequency of visit in scatter plots overlaid with Loess fit (Fig. 5 ), which showed that there is little to no significant difference by different geographies of scale.
Thus, we chose to represent our data by census tracts, as it generated a distribution of fewer zeroes, i.e. tracts with no CHCV clients. The spatial distributions of client's place of reported residence and visitation frequency are represented using choropleth maps (Figs. 6 and 7).
Spatial cluster analysis was conducted to identify census tracts with a higher (or lower) than expected proportion of frequency of visits per client using the Hot-Spot function in ArcGIS 10.1 (Getis and Ord, 1992; Ord and Getis, 1995) . The Hot-Spot function, based upon the Getis-Ord Gin statistic, identifies clusters of census tracts with statistically significant high ("hot-spot") or low ("cold-spot") values of average frequency of visit per client (Getis and Ord, 1992; Ord and Getis, 1995) . To be a statistically significant hot spot, a census tract will have a high value (i.e., high visit frequency) and would be surrounded by other tracts with high values such that the local sum for that particular tract and its neighbors should be very different than the expected sum resulting in a high Z-score. Similarly, this tool also delineates clusters of lower than expected values, or "cold spots", of census tracts with significantly low frequency of client visits (Getis and Ord, 1992; Ord and Getis, 1995) . In our study we did not identify any cold spots.The results of the hot spot analysis are summarized in Fig. 8 .
Statistically significant clusters of census tracts from the hotspot analysis were analyzed in respect to nearby SAMHSA substance abuse treatment facilities. The SAMHSA facilities that were located within the buffer of 3, 5, and 10 miles from the population centroid of these census tracts (Table 3) were summarized using the Penchansky and Thomas's robust definition of access, incorporating the five dimensions (Penchansky and Thomas, 1981) .
Results
Table 1 describes the client characteristics and stratifies them by 1-standard deviation from the mean distance groups. The client visitation rates were significantly different and most frequent visitation occurred between 11 and 20 miles (5.28 visits per client). Significant client level characteristics between distancebased subgroups were race, foreign-born, undocumented immigration status, less than high school education, unstable housing, lack of health insurance, sex solicitation, drug use, receipt of MAT, and self-reported mental illness. Two-group comparisons identified higher rates of unstable housing (p o0.001) and homelessness (p o0.001) in those 450 miles from a MMC site compared to those o5 miles away. Clients traveling between 21 and 50 miles had significantly higher rates of unstable housing (p¼ 0.001) than those traveling 5-20 miles. In terms of health status differences, HIV prevalence was highest among those living in the 21-50 mile band at 17.8%, and significant differences between distances bands existed for reported history of STIs, mental illness, hypertension, hepatitis C, and HIV infection. Fig. 6 further describes the spatial variation of client origin based upon self-reported residential location and distance from the MMC sites aggregated by census tracts. Most clients (300-500 per census tract) lived within the Greater New Haven area including nearby cities of New Haven, Hamden, Woodbridge, Orange, West Haven, East Haven and North Haven. These cities are all within 8 to 10 miles from MMC locations. In addition, a high proportion of clients (4500 per census tracts), who are typically low-frequency users, lived in a concentrated area of less than 5 miles from MMC sites. Therefore as expected and consistent with the concept of distance decay, the number of clients visiting the MMC decreases with increasing distance from the CHCV locations with o20 clients per census tracts living between 21 and 50 miles, with the fewest clients living 50 miles from a MMC site. Table 2 stratifies clients based on their frequency of CHCV utilization, including those that used services once (low-frequency users), 2-10 times, 11-20 times, and 420 times (high-frequency users). Between the four groups, statistically significant differences were found for sex, race/ethnicity, age, foreign-born status, housing, employment, health insurance, drug use, incarceration, transactional sex, medication-assisted therapy, violence victim, reported medical conditions and services utilized. Comparison of low-frequency to high frequency users (420 visits) shows that, in addition to having higher rates of health insurance (p¼0.002), the high-frequency users had significantly higher rates of being foreign-born (po0.001), unstably housed (po0.001), homeless (po0.001), unemployed (po0.001), drug users (po0.001), recently incarcerated (po0.001), commercial sex workers (po0.001), domestically (po0.001) and sexually victimized (po0.001), medication-assisted therapy clients (po0.001), and also had significantly higher rates of all reported health conditions (po0.001), including 75% with HIV infection (po0.001). These results indicate that for our study population with vulnerable health conditions, their utilization is likely "less-discretionary" and thus influenced primarily by the need factors of the adapted HBM.
In Fig. 7 , the pattern of client visit per census tract shows several census tract clusters with clients visiting 4 20 times who resided between 21 and 50 miles from the van locations. Conversely, tracts within o 5 miles from the CHCV have relatively lower frequency of client visits. The census tract clusters with higher visit frequency are in the towns of Bridgeport, Norwich, Morris, Torrington, Wethersfield, and Cromwell. Seymour is the only town within 10-15 miles from a MMC site with a frequency of more than 20 visits per clients. Since this finding is unique and contrary to most of the studies on access to healthcare services, we decided to further explore this spatial pattern using a hot-spot analysis in a Geographic Information Science (GIS) environment.
The hot-spot analysis divided all of the census tracts into 3 groups (Fig. 8): (1) census tracts that have significantly high frequency of client visits with respect to the surrounding local area at p o0.05 (labeled Hot-Spot 1); (2) census tracts that have an even higher significant frequency of client visits with respect to the surrounding local area at po0.01 (labeled Hot-Spot 2); and (3) census tracts with frequency of client visit but not statistically significant. Of the 19 census tracts in Hot-Spot 2, 90% of the tracts are located 4 20 miles from the MMC. There is only one cluster with high frequency of client visits significant at p o0.01 located in Greater New Haven, i.e. very close to the CHCV sites. Most of the census tracts in Hot-Spot 1 are also not located near the MMC but rather are as far as 40 miles away (e.g., Norwich and Montville). Thus, the hot-spot analysis statistically confirms our finding that although a large number of clients living o 5 miles are utilizing MMC services for up to 10 visits, a small but significant proportion of clients traveling longer distances (between 21 and 50 miles) have higher frequency of visits. There are 56 SAMHSA facilities within a buffer of 3 miles from all the 76 census tracts combined (Hot-Spots 1 and 2), 80 facilities within a buffer of o 5 miles, and 112 treatment facilities within a buffer o 10 miles (Fig. 9) . Despite state and federally-funded SAMSHA treatment facilities providing substance abuse treatment resources in their local areas, clients traveled between 20 and 50 miles and visited the CHCV frequently (4 20 visits) for substance abuse treatment, HIV testing and treatment, HBV vaccination and other health-related services. This clearly emphasizes the importance of 'need' factors over predisposing and geography-related enabling resources in explaining the higher frequency of visits from the clients located over 20 miles from the MMC sites. Table 3 first defines Penchansky and Thomas' five dimensions of access with respect to our study (column 1), summarizes the SAMHSA facilities in the 3-, 5-, and 10-mile buffer zones from the census tracts with client visiting 420 times on the basis of the five dimensions (columns 2-4), and then lists the services provided at the MMC for comparison (column 5). SAMHSA facility locations and buffer zones are shown in Fig. 9 . For all census tracts where the clients are not only traveling long distances but also very frequently, 56 SAMHSA treatment centers are accessible within 3 miles of their population centroids. All of these 56 facilities require that the clients have health insurance, 41% provide treatment for comorbid conditions (i.e., mental health and substance abuse), and fewer than 25% provide MAT. Although 48% of these facilities have specialized services for female clients, only about one-quarter or less provide specialty services for other high-risk and medically vulnerable populations, such as people Fig. 9 . Drug treatment facilities within a 3-, 5-, 7-, and 10-mile buffer zones surrounding Census tracts with statistically significant frequent visitation to the mobile medical clinic.
walk-in-services at these facilities. SAMHSA treatment facilities within the 5-mile (80 centers) and 10-mile (112 centers) buffers from census tracts with distance traveling, high-frequency MMC clients have similar characteristics with little variation. In comparison, the MMC (CHCV located only in New Haven) is more conducive to access, despite being 21-50 miles from the population centroids of census tracts with high frequency of client visits.
Discussion
Among the predisposing, enabling resource, and need factors explaining the variation in MMC utilization according to the adapted HBM, the enabling factors related to geographic proximity did not have any significant influence. This result of minimal to non-existent relationship between distance and frequency of visits per client was consistent both at the client-level and at the aggregated census tract scale.
In comparing predisposing and non-geographic enabling resources of CHCV clients, however, we find several statistically significant differences. Based on the location of self-reported residence, clients living o 5 miles and 4 50 miles of a MMC have significantly higher rates of racial/ethnic minorities and undocumented migrants while those between five and fifty miles are predominately Caucasian and born domestically. This is likely due to the higher distribution of racial/ethnic minorities in inner cities (e.g., New Haven) compared to surrounding suburban and exurban areas, which have higher Caucasian populations.
A similar distribution is also seen among those with unstable housing and health insurance, with those residing within five miles and greater than fifty miles tending to be less stably housed and lack health insurance, and notably those traveling greater than fifty miles are significantly more likely to be homeless (40.3%, p ¼0.03) than those within a fifty-mile radius. These are important enabling resources that could influence a client's decision to seek services at the MMC.
People who use and/or inject drugs are significantly more likely to reside between 5 to 10, 11 to 20, and 21 to 50 miles from a MMC site and clients from these proximity bands are significantly more likely to report mental illness and use of medication-assisted therapy to treat opioid dependence. This suggests willingness, perceived need, or possibly severity of illness (specifically SUDs severity) to travel to settings where they receive care and specific medications in an affordable and acceptable way. With this in mind, we observed that two distinct populations who are traveling to receive care at the MMC: The first group are those traveling between five and fifty miles and tend to be substance users who, despite having health insurance, prefer to travel to receive care at the MMC where services are easily accessible and accommodate their needs. These individuals appear to have transportation and may choose to travel either because the services they use are not available to them in their own community, they do not perceive the available services near them to be user friendly or they do not want to be recognized and treated near their homes. The second group is racial/ethnic minorities who reside greater than fifty miles away that travel due to lack of other options, as they are often undocumented immigrants or lack health insurance. The MMC, which is free, is the only setting that they can access services they need.
When stratifying by visit frequency, we see that 'high frequency' users are significantly more likely to be men (66.7%, p ¼ o0.01) and are nearly all are foreign-born (94.4%, p o0.01). About 15% of these individuals are traveling more than 5 miles to receive care at the MMC. Just over half are unstably housed, 85% are unemployed, and are significantly more likely to report a history of drug use, injecting drugs, recent incarceration, sex solicitation, sex work, domestic violence, and sexual assault. Therefore, high-frequency users show typical indicators of extremely vulnerable populations. Furthermore, over half receive substance abuse treatment in the form of medication-assisted therapy (either MMT or BMT) and 75% of them are HIV-infected. This constellation of findings are wholly consistent with the "SAVA" (Substance Abuse, Violence, and AIDS) Syndemic (Meyer et al., 2011; Singer, 1996) and its impact on access to health services, as we observe that despite the majority of these individuals having health insurance, they seek continued, frequent care at a MMC operating a substantial distance from their residence. This suggests that the MMC provided an array of services specific to the need of our client population (predominantly with SUDs, HIV, and mental illness) that may not be offered in the fixed healthcare venues, such as primary care settings or SAMHSA treatment facilities or that the clients are using both the facilities in tandem. More importantly, this may also indicate that the clients preferred to seek healthcare services from the MMC that was seen as userfriendly and provided services at their own convenience.
This MMC provides opportunities for clients on other dimensions of access to healthcare, which offsets the long distances to the van locations (Table 3) . For example, the majority of clients are unstably housed, unemployed, and lack health insurance so offering free services may be important for access. Second, the MMC provides a wide range of services, such as HIV testing and treatment, assistance with HIV treatment adherence (i.e., DAART), treatment for SUDs, and screening and treatment for tuberculosis, hepatitis, hypertension, and diabetes. Third, the clients utilizing the MMC are challenging to reach in other venues and represent a vulnerable population, who might otherwise want to seek care from distant clinics to avoid stigma and discrimination, and maintain confidentiality from local community members. This is particularly relevant for community healthcare centers that provide local and affordable care, but employ members of the same communities, resulting in patient concerns about confidentiality for socially stigmatizing conditions (Wright et al., 2013) .
Though CHCV clients are highly vulnerable (e.g. have unstable housing, use drugs, experience violence, and often have overlapping medical comorbidities, such as mental health, SUDs and HIV), MMC staff members have a longstanding presence in the New Haven community, have documented their dedication over many years, and are bi-lingual, culturally sensitive, and provide non-judgmental care. They also offer walk-in services that allow the client to obtain care when they want. This suggests that even when the physical accessibility to a MMC is not convenient, the opportunities provided in terms of availability, affordability, acceptability, and accommodation in comparison to the nearby SAMHSA facilities, are nonetheless attracting clients to the MMC. The lack of support and resources at nearby traditional healthcare setting and the ease of seeking treatment at the MMC also led to higher retention in care for a significant minority of clients.
This analysis has identified characteristics and health-seeking behaviors for a proportion of clients frequently traveling sizeable distances to receive healthcare at a non-traditional healthcare venue. Our findings suggest that factors beyond the enabling (geographic proximity or a lack of health insurance) influence clients to travel and seek continuous care at a MMC designed for acute and episodic care and linkage to other services. From these results, we hypothesize that multidimensional factors of accessibility and the less discretionary needs of the medically vulnerable clients make the CHCV (a MMC) an attractive healthcare option for individuals, as it provides free care, harm reduction services, and requires no appointment. This allows clients with chaotic lifestyles to receive care when they are ready to seek it and provides an environment that addresses the social and medical needs of vulnerable clients, many of who suffer from the 'SAVA' syndemic.
With the implementation of the ACA, it is important to develop healthcare delivery models that consider factors outside of health insurance to promote access to healthcare and to treat medically marginalized populations. This study demonstrates how an MMC can be more than a geographically convenient venue, but also can offer services that are acceptable and accommodating to vulnerable populations.
Limitations
While we are able to present a thorough description of the geographic distribution, socio-demographics, reported health conditions, and health services sought by MMC clients, our data is from a clinical database that is comprised of a series of cross-sectional interviews that only assesses when client choose to utilize care. Thus, our study is limited in its ability to describe other sources of healthcare utilization before, simultaneous with, or after MMC visitation. It also does not describe linkages to care for clients that are effectively linked by MMC staffone of the missions of the program. We are also unable to track and report client mobility, as our database only includes the addresses that were recorded at the time of the client visit. Homeless clients that remain on the street or in public places were not able to be accurately geocoded, even though closest street corner to where they last slept was used for address, and so this analysis underestimates MMC utilization by homeless patients that are mobile but who remain highly vulnerable and marginalized from traditional healthcare settings. Last, MMC clients that solely use harm reduction services (e.g., condom or clean syringe distribution) are not included in our clinical database and thus, making our analysis conservative since previous studies have shown that individuals who use harm reduction services are unlikely to travel more than 4 blocks (Cooper et al., 2011) .
Conclusions
The aim of the Affordable Care Act (ACA) includes increasing the number of insured individuals in the United States and overcoming health disparities. The ACA, however, has no provisions for MMCs, which appear to serve as an important component of healthcare delivery, especially to vulnerable populations. Such populations that derive increased benefit, despite lack of geographic proximity, include those that have highly stigmatized conditions, including HIV, SUDs, mental illness, homeless populations, racial and ethnic minorities and foreign-born persons. As patients are enrolled in care and expected to receive care in nearby federally qualified community healthcare centers, subsets of patients with socially or medically stigmatizing conditions may still not utilize them. The added use of geographic assessments is a move towards expansion of patientcentered medical homes, which have as their underlying premise to improve accessible, comprehensive, coordinated, high quality, and cost-effective care for patients (Peikes et al., 2012) .
